Regulation Mechanism of the Carbon and Nitrogen on Astaxanthin Synthesis in Phaffia rhodozyma by Proteomics by 潘雪珊
 
 
学校编码：10384 分类号      密级      




  硕  士  学  位  论  文 
应用蛋白质组学解析红发夫酵母合成虾青
素的碳氮源调控分子机制 
Regulation Mechanism of the Carbon and Nitrogen  on 
Astaxanthin Synthesis in Phaffia rhodozyma by Proteomics 
潘 雪 珊  
指导教师姓名：        卢英华教授 
专  业 名 称：     生 物 化 工 
论文提交日期：         2013 年 5 月 
论文答辩日期：         2013 年 6 月 
学位授予日期：         2013 年    月 
答辩委员会主席：          
                                             评 阅 人：          
 






















另外，该学位论文为（                            ）课题
（组）的研究成果，获得（               ）课题（组）经费或实









































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 





































目  录 
 
目    录 
 
摘  要 ··············································································· I 
第一章  文献综述 ························································································· 1 
1.1    虾青素简介 ················································································ 1 
1.1.1 虾青素的理化性质 ····················································· 1 
1.1.2 虾青素的生理功能 ····················································· 2 
1.1.3 虾青素的生物安全性 ·················································· 4 
1.1.4 虾青素的应用及前景 ·················································· 4 
1.2    虾青素的来源 ············································································· 5 
1.2.1    化学合成虾青素 ······················································· 5 
1.2.2    甲壳类动物提取 ······················································· 5 
1.2.3 生物合成 ·········································································· 6 
1.3    红发夫酵母与虾青素 ···································································· 7 
1.3.1 红发夫酵母简介························································ 7 
1.3.2 红发夫酵母中虾青素的生物合成途径 ······································ 8 
1.3.3 红发夫酵母虾青素生物合成中的相关酶 ··································· 9 
1.3.4 红发夫酵母生产虾青素研究进展 ·········································· 12 
1.3.5 红发夫酵母对氮源吸收的调控 ············································· 13 
1.4    蛋白质组学研究进展 ·································································· 16 
1.4.1 蛋白质组学简介 ······························································· 16 
1.4.2 蛋白质组学的研究进展 ······················································ 18 
1.5    本论文研究内容及意义 ······························································· 20 
第二章  氮源种类及浓度优化 ··············································· 21 
2.1    材料与方法 ·············································································· 21 
2.1.1 实验材料 ····························································· 21 













目  录 
 
2.1.3 实验分析方法 ························································ 23 
2.2    结果与讨论 ·············································································· 25 
2.2.1 氮源种类优化 ························································ 25 
2.2.2 氮源浓度优化 ·································································· 27 
2.2.3 碳氮比的优化 ·································································· 29 
2.3    本章小结 ················································································· 31 
第三章  氮源调控对红发夫酵母生长及虾青素积累的影响 ··········· 33 
3.1    材料与方法 ·············································································· 33 
3.1.1 实验材料 ····························································· 33 
3.1.2 培养方法 ········································································ 34 
3.1.3 实验分析方法 ·································································· 34 
3.2    结果与讨论 ·············································································· 36 
3.2.1 批次发酵 ····························································· 36 
3.2.2 补加无机氮源硫酸铵对虾青素合成的影响 ························· 37 
3.2.3 补加有机氮源谷氨酸对虾青素合成的影响 ······························ 41 
3.2.4 补加无机氮源和有机氮源对虾青素合成的比较 ························ 44 
3.3    本章小结 ················································································· 45 
第四章  红发夫酵母合成虾青素的蛋白质组学分析 ···················· 46 
4.1    材料与方法 ·············································································· 46 
4.1.1 实验材料 ····························································· 46 
4.1.2 试剂与仪器 ····································································· 46 
4.1.3 实验方法 ········································································ 46 
4.2    结果与讨论 ·············································································· 60 
4.2.1 细胞蛋白提取条件的优化 ··················································· 60 
4.2.2 菌体生长期与虾青素合成期蛋白调控的研究 ··························· 62 
4.2.3 24 h 补加硫酸铵对红发夫酵母胞内蛋白表达调控的研究 ············· 70 
4.2.4 24 h 补加谷氨酸对红发夫酵母胞内蛋白表达调控的研究 ············· 78 













目  录 
 
4.3    本章小结 ················································································· 90 
第五章  结论及展望 ··························································· 93 
5.1    结论 ······················································································· 93 
5.2    展望 ······················································································· 94 
参 考 文 献 ······································································ 95 
附   录 ··········································································· 108 
在读期间发表论文 ··························································· 112 


















摘  要 ········································································································ III 
ABSTRACT ········································································································· I 
第一章  文献综述 ·································································································· 1 
1.1 虾青素简介 ············································································· 1 
1.1.1 虾青素的理化性质[2-4] ·············································· 1 
1.1.2 虾青素的生理功能 ·················································· 2 
1.1.3 虾青素的生物安全性 ··············································· 4 
1.1.4 虾青素的应用及前景 ··············································· 4 
1.2 虾青素的来源 ·········································································· 5 
1.2.1 化学合成虾青素 ····················································· 5 
1.2.2 甲壳类动物提取 ····················································· 5 
1.2.3 生物合成 ····························································· 6 
1.3 红发夫酵母与虾青素 ································································· 7 
1.3.1 红发夫酵母简介 ····················································· 7 
1.3.2 红发夫酵母中虾青素的生物合成途径 ·························· 8 
1.3.3 红发夫酵母虾青素生物合成中的相关酶 ······················· 9 
1.3.4 红发夫酵母生产虾青素研究进展 ······························ 12 
1.3.5 红发夫酵母对氮源吸收的调控 ································· 13 
1.4 蛋白质组学研究进展 ······························································· 16 
1.4.1 蛋白质组学简介 ··················································· 16 
1.4.2 蛋白质组学的研究进展 ·········································· 18 
1.5 本论文研究内容及意义 ···························································· 20 
第二章 氮源种类及浓度优化 ··················································································· 21 













摘  要 
II 
2.1.1 实验材料 ··························································· 21 
2.1.2 培养方法 ··························································· 22 
2.1.3 实验分析方法······················································ 23 
2.2 结果与讨论 ··········································································· 25 
2.2.1 氮源种类优化······················································ 25 
2.2.2 氮源浓度优化······················································ 27 
2.2.3 碳氮比的优化······················································ 29 
2.3 本章小结 ·············································································· 31 
第三章 氮源调控对红发夫酵母生长及虾青素积累的影响 ··············································· 33 
3.1 材料与方法 ··········································································· 33 
3.1.1 实验材料 ··························································· 33 
3.1.2 培养方法(同 2.1.2) ················································ 34 
3.1.3 实验分析方法······················································ 34 
3.2 结果与讨论 ··········································································· 36 
3.2.1 批次发酵 ··························································· 36 
3.2.2 补加无机氮源硫酸铵对虾青素合成的影响 ·················· 37 
3.2.3 补加有机氮源谷氨酸对虾青素合成的影响 ·················· 41 
3.2.4 补加无机氮源和有机氮源对虾青素合成的比较 ············ 44 
3.3 本章小结 ·············································································· 45 
第四章 红发夫酵母合成虾青素的蛋白质组学分析 ························································ 46 
4.1 材料与方法 ··········································································· 46 
4.1.1 实验材料(同 2.1.1 及 3.1.1) ····································· 46 
4.1.2 试剂与仪器························································· 46 
4.1.3 实验方法 ··························································· 46 
4.2 结果与讨论 ··········································································· 60 
4.2.1 细胞蛋白提取条件的优化 ······································· 60 
4.2.2 菌体生长期与虾青素合成期蛋白调控的研究 ··············· 62 













摘  要 
III 
4.2.4 24 h 补加谷氨酸对红发夫酵母胞内蛋白表达调控的研究 78 
4.2.5 葡萄糖浓度对红发夫酵母胞内蛋白表达调控的研究 ······ 84 
4.3 本章小结 ·············································································· 90 
第五章 结论及展望 ······························································································· 93 
5.1 结论 ···················································································· 93 
5.2 展望 ···················································································· 94 
参 考 文 献 ········································································································· 95 
附   录 ············································································································· 108 
在读期间发表论文 ······························································································ 112 
致   谢 ······································································································ 113 




























摘  要 
IV 
加氮源为谷氨酸，最适的补加浓度为 0.368 g/L，在此补加条件下，虾青素的最


























With the increasing demand of human beings for natural astaxanthin, Phaffia 
rhodozyma which was easily cultured was chosen as the most potential production 
microorganism. The initial nitrogen source remarkably affected astaxanthin 
biosynthesis in P. rhodozyma. Low nitrogen content also promoted the biosynthesis of 
astaxanthin of  P. rhodozyma. Therefore, this study aimed to reveal the differentially 
expressed proteins in P. rhodozyma cells using proteomic approaches to decipher the 
effects of carbon and nitrogen regulation on P. rhodozyma. As a result, we hope to 
discover the key proteins in response to such regulations, and further investigate the 
molecular mechanisms of carbon and nitrogen source regulation in P. rhodozyma. 
In this study, the effect of the glucose concentration on the growth of P. 
rhodozyma at a fixed nitrogen concentration was firstly investigated. The results 
showed that the biomass and astaxanthin production were enhanced by an initial high 
glucose concentration presented in the medium, However, astaxanthin content was 
inhibited by a high glucose concentration. The result showed that the initial carbon 
concentration remarkably affected astaxanthin biosynthesis in P. rhodozyma. Lower 
carbon concentration promoted the biosynthesis of astaxanthin in P. rhodozyma. 
At the same time, the effect of nitrogen feeding on astaxanthin biosynthesis in P. 
rhodozyma during the process of cell growing was investigated in this work. 
Furthermore, optimal source and concentration of nitrogen for astaxanthin production 
were also investigated. As a result, the optimal nitrogen source, concentration and 
feeding time were glutamate of 0.368 g/L at 24h, respectively. The highest 
astaxanthin yield of 3.445 mg/L and the maximum astaxanthin productivity of 1.144 
mg/g were achieved for which were 36% and 41% higher than the original conditions. 
It indicated that nitrogen feeding was beneficial to improve astaxanthin accumulation. 
Simultaneously, the elucidation of the nitrogen regulation mechanism of astaxanthin 
synthesis can be further discussed. 
One way to obtain an integrated view of a response pathway at different cell 
growth phases was to use global methods such as proteomics. Therefore, proteomics 
approach was firstyly applied to analyze the differentially expressed proteins in P. 
rhodozyma cell at different cell growing  phases. 31 proteins were found to be 















involved  in carbon and nitrogen source regulation of astaxanthin biosysthesis in P. 
rhodozyma. As the result, these distinct proteins were included of cellular processes 
(i.e. transport and motor) proteins, environmental information processing (i.e. signal 
transduction) proteins, genetic information processing and cell metabolism process 
(i.e. carbohydrate metabolism, lipid metabolism, secondary metabolite/ carotenoid 
biosynthesis, redox metabolism and amino acid metabolism) proteins. 













第一章  文献综述 
1 












图 1.1 公园中的花草植物(左图)，同一场景的黑白色(右图) 
Fig.1.1 The flowers at a garden (left). The same scene in black and white (right) 
 
1.1.1 虾青素的理化性质[2-4] 
虾青素(astaxanthin)又名虾黄素，化学名为3, 3’-二羟基-4, 4’-二酮基-β, β’-胡萝








3R, 3’R)和内消旋形式(3S, 3’R; 3’S, 3R)。1974年，Andrewes等[3]鉴定磷虾卵和雨生






















图 1.2  虾青素的分子结构 











图 1.3 虾青素立体异构体 
Fig.1.3 The stereomerides of astaxanthin 
 
化学合成的虾青素都为游离虾青素，立体异构体的比例约为n(3S, 3’S): n(3S, 







































虾青素抗脂肪氧化的能力最强，较 β-胡萝卜素高 10 倍，较维生素 E 高 550 倍。 
 
表1.1 几种类胡萝卜素的ED50 
Tab.1.1 ED50 of several carotenoids 
类胡萝卜素 ED50 (nmol/L) 类胡萝卜素 ED50 (nmol/L) 
虾青素 200 金枪鱼黄素 780 
玉米黄素 400 β-胡萝卜素 960 
角质素 450 维生素 E 2940 
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